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PRESSURE DISTRIBUTIONS ON BODIES OF REVOLUTION 
AT SUBSONIC AND TRANSONIC SPEEDS 
By Richard I. Cole 
SUMMARY 
Pressure distributions measured along prolate spheroids of fineness 
ratios 3 to 20 and along a slender body of fineness r atio 12 are compared 
at subsonic and transonic speeds with estimated distributions for several 
angles of attack. The comparisons showed that the pressure distributions 
along the bodies can be predicted with fair accuracy. 
INTRODUCTION 
In response to recent demands for pressure-distribution data on 
bodies of revolution at high subsonic Mach numbers through a large angle-
of - attack range, an investigation has been conducted in the Langley 
24-inch high-speed tunnel at high-subsonic Mach numbers on a series of 
prolate spheroids of fineness ratios 3 to 20, at angles of attack up to 
200 • Other bodies of revolution tested in this investigation were the 
hemispherical-nose body, the ogive-cylinder body, and the parabolic body. 
The pur pose of this paper is to present experimental pressure-
distribution data from the 24-inch - tunne l investigation and from refer-
ences 1 to 3 and to examine the adequacy of various existing methods for 
estimating these data. A comparison of 24-inch-tunnel data and data from 
references 4 and 5 is also presented for Reynolds number evaluation. 
SYMBOLS 
f fineness ratiO) 2/2rmax (see fig. 1) 
2 total length of basic body ( see fig. 1) 
M free-stream Mach number 
I 
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p static pressure 
P pressure coefficient, 
incremental pressure coefficients at a given station due to 
angle of attack, P - Pa=Oo 
q 
r 
R 
x 
a 
e 
pressure coefficient at zero angle of attack 
dynamic pressure 
local radius of body (see fig. 1) 
Reynolds number based on body length 
coordinate along major axis of body (see fig. 1) 
angle of attack 
polar angle about axis of revolution measured from velocity-
approach direction 
Subscripts: 
c compressible value 
cr critical value 
i incompressible value 
l local conditions, as on model surface 
max maximum value 
s free-stream condition 
MODELS 
The profiles, location of pressure orifices, and other pertinent 
data for the bodies tested are presented in figur e 1. The or dinates of 
the hemispherical-nose body, the ogive-cylinder body, the parabolic body, 
and the modified- parobolic body are presented in table I. 
• 
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The models were supported by a hollow sting which enclosed the 
leads from the surface-pressure orifices. The l-inch-diameter prolate 
spheroid, the hemispherical -nose body, and the parabolic body had 14 to 
17 pressure orifices installed along one meridian in the model surface 
(see fig. 1). The ogive-cylinder body had 15 surface-pressure orifices. 
The small diameter of the sting on the 0.5-inch-diameter prolate spheroids 
permitted only 8 orifice leads to be passed through the sting. In order 
to obtain the complete pressure distribution for these models, it was 
necessary first to measure the pressures at 8 orifices located along the 
rear portion of the body, and then to repeat the tests, measuring the 
pressures at 8 orifices located along the forward portion of the body 
in the same meridian. The prolate spheroids of fineness ratios 3, 5, 
6, and 10 (l-inch-diameter body) had orifices located at meridians 90° 
apart around the 25-percent-body-length station in order to check symmetry. 
APPARATUS AND TESTS 
The test section of the Langley 24- inch high-speed tunnel (ref. 6), 
which was originally circular (24- inch diameter), was modified by the 
installation of flats on the tunnel walls. These flats reduced the width 
of the tunnel at the test section from 24 inches to 18 inches and changed 
the shape of the test section from circular to one more nearly approaching 
a rectangle. An enclosure was installed around the tunnel so that the dry 
air from the induction jet would mix with the air contained within the 
enclosure and thereby lower the humidity for more favorable testing 
conditions. 
The test section and model support apparatus are shown in figure 2. 
The model sting was attached to a 3-inch-chord, 10-percent-thick support 
strut. This strut extended through the tunnel wall at a point 15 inches 
downstream of the test section and was attached to a mechanism for 
changing the angle of attack. 
Pressure distributions were obtained along the 00 and 1800 meridians 
of all the bodies for angles of attack from 00 to 200 at Mach numbers from 
0.30 to 0.90. Pressure distributions were also obtained along the 45°, 
900 , and 1350 meridians of the prolate spheroids of fineness ratio 5 and 
10 at an angle of attack of 6°. The Reynolds number for these tests 
varied from 170,000 per inch at a Mach number of 0.30 to 384,000 at a 
Mach number of 0.9. 
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PRECISION 
In the oper ation of the 24- inch high- speed tunnel it is difficult 
to obtain data at pr edetermined values of Mach numbe r. It was therefor e 
necessary to cross -plot the data f r om the var ious tests in order to 
obtain data at comparable Mach number s. The estimated inaccur acy of 
the r esulting data was ±0 . 010 in pressur e coefficient and ±0 . 005 in 
Mach number. 
The inaccur acy in setting the zer o angle of attack is small , since 
the pr essur es at the 00 , 900 , lBoo , and 2700 mer idians wer e almost the 
same . Changes in angle of attack could be set within 0.010 . The model 
defl ection was calculated to be of the or der of 1 percent of the angle 
of attack. 
Wall - inter fe r ence corrections for these bodies we r e determined by 
the methods presented in reference 7 . At a Mach number of 0.90 the 
order of magnitude of these corr ections was 1 . 007M and 1 . 007q for the 
fineness - ratio -10 pr olate spheroid. Since these corrections were very 
small, they were not applied to the data reported her ein . 
Pr essur es measur ed along the tunnel walls during these tests showed 
that the tunnel choked on the suppor t strut about 15 inches downstream 
of the model. These measurements showed that the choking phenomenon did 
not affect the conditions at the test section . 
RESULTS AND DISCUSSION 
Experimental Results 
Effect of Reynolds number.- Data have been obtained for the prolate 
spheroids of fineness ratio 6 and 10 in the Langley B- foot high-speed 
tunnel (refs. 4 and 5) at Reynolds numbers from 6.4 x 106 to 13.1 x 106, 
and in the Langley 24- inch high- speed tunnel at Reynolds numbers from 
1.7 x 106 to 3.B x 106 . A comparison of these data at Mach numbers of 
0.7 and 0.9 for an angle of attack of 00 is shown in figure 3(a). These 
data are in good agr eement and indicate that within the range of the tests 
the effect of Reynolds number on the measured pressures is small. 
The 24-inch- tunnel data on two bodies of fineness ratio 10 at an 
angle of attack of 100 ar e compared in figure 3(b) at Mach numbers of 
0 . 7 and 0.9 . These data ar e in very good agreement except possibly near 
the nose on the lBoo meridian and near the r ear of the body along both 
• 
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meridians. At the rear of the body the disagreement is attributed 
primarily to the varying influence of the sting on the pressures of the 
two models and possibly to some Reynolds number effects. The result s 
indicate that the effects of Reynolds number on the measured pressure 
distributions are small. 
Effect of Mach number, angle of attack, and body shape.- The general 
effects of Mach number, body shape, and angle of attack for all the bodies 
tested are presented in figures 4, 5, 6 , and 7. For the fineness-ratio-3 
prolate spheroid (fig. 4(a)), the pressure distributions at Mach numbers 
of 0.30 and 0 . 60 ar e almost the same at angles of attack of 00 , 100 , and 
200 . At a Mach number of 0 . 90 , the local velocities along the central 
portion of the body are above sonic fo r all angles of attack presented 
herein. At an angle of attack of 00 , the peak pres sure s are occurring 
near the 0 . 5 station . Increasing the angle of attack to 100 causes the 
p r essure peak to increase and shift forward to about the 0 . 25 station 
along the 1800 meridian, and to shift rearward to about the 0 .70 station 
along the 00 meridian . At an angle of attack of 200 , the negative pres-
sure peak is further increased and shifted away f r om the 0 . 50 station. 
Increasing the Mach number f r om 0 . 60 to 0 . 90 causes a decided increase 
in the negative pr essur e coefficients along the centr al por tion of the 
body at all angles of attack . 
Similar effects of Mach number and angle of attack noted for the 
fineness-ratio - 3 body were also observed fo r the bodies of fineness 
ratio 5 and 6 (figs. 4(b) and 4(c)), except that the magnitude of the 
changes in pressur e coefficient diminishes as the fineness r atio is 
increased. 
Increasing the fineness r atio to 10, 15, and 20 causes a continued 
decrease in the effect of Mach numbe r for constant angle of attack 
(figs. 4(d), 4(e) , and 4(f)). At an angle of attack of 00 , the pressure 
coefficients are appr oaching zero. At angles of attack of 100 and 200 , 
the pressure gradients along both meridians of the bodies decrease with 
an increase in fineness ratio . 
The same general t r ends of Mach number and angle of attack as 
observed for prolate spher oids of fineness ratio 10 and 15 are also 
observed for the parabolic body (fig. 5), except the changes in pressure 
coefficient near the nose are smalle r as a result of the dec r eased blunt-
ness of the nose . 
Additional effects of nose bluntness are represented in figures 6 
and 7. The ogive - cylinder body (fig. 6) has a nose shape that might be 
considered a sharpened version of a finene ss -ratio - 6 prolate-spheroid 
nose. This nose shape caused a reduction in pr essur e gr adients near 
the nose, compared to the fineness -ratio-6 body. This was noted 
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pr eviousl y fo r t he sharp -nose parabolic body . The mlnlmum pr essur e and 
the effect of i ncreasing Mach number f r om 0 . 60 to 0 .90 were gr eater on 
the ogive - cylinder body . The effect of an increase in angle of attack 
was t o displace the pr essur e distr ibutions along both me r idians and 
steepen the pr essur e gr adients near the nose along the 00 meridian. 
The bluntness of the hemispher ical -nose body pr oduced lar ge pr essur e 
peaks that are associate d with a spher ical shape (fig . 7) . These peaks 
occur at all Mach number s and are somewhat ahead of the junctur e of the 
hemispherical nose with the fineness -ratio -10 after body. The effect of 
incr easing the Mach number f r om 0 . 30 to 0 . 60 is negligible, but further 
incr easing the Mach number to 0 . 90 causes a decided increase in the 
negative pr essur e peak and pr oduces a r ear war d movement of the low-
pre ssur e r egion, terminated by a shock located near the 0 . 25-body- length 
station . This effect was also noted for the fineness -ratio - 3 pr olate 
spheroi d . With an increase in angle of attack to 100 and 200 , at a Mach 
number of 0 . 9 , the pr essur e coefficients along the 1800 mer idian unde r go 
a r eduction i n peak values compared to the zero angle -of- attack case and 
a rearward extension to the low-pr essur e r egion . Along the 00 meridian, 
the peak negative pr essur e coefficients ar e consider ably lower than at 
an angle of attack of 00 at a Mach number of 0 . 3 but incr ease with an 
i ncrease i n Mach number. 
Prediction of Incompr essible Pressur e Distr ibution 
Along the 00 and 1800 Me r idians 
Zer o angle of attack .- Since the theor etical deter mination of com-
pr essible pr essur e dist r ibutions utilizes the incompressible theory, it 
is of inter est to see how well the theo r y pr edicts low- speed pressure 
distr ibutions . A compar ison is made in figur e 8 between several theo -
retical pr essur e distr ibutions and low- speed exper imental results for 
three pr olate spher Oids . At an angle of attack of 00 (fig. 8(a)), the 
classical potential theory (for example , r efs. 8, 9, and 10) and the 
mor e r ecent method of r eference 4 predict similar results along the entire 
lengths of the bodies of fineness r atio 6 and 10 but dive r ge near the 
forwar d and r ear por tions of the fineness - ratio-3 body. The theor etical 
pr essur e distr ibut i ons are in excellent agr eement with experimental 
r esul ts . At the rear part of the body, the sting may be influencing 
the pr essur es . The method of refer ence 10, however, agr ees much better 
with exper i mental data t han the method of r eference 4. 
Angles of attack.- The pressur e distr ibutions at angles of attack 
can be pr edicted e i ther dir ectly from incompr essible theor y (for example , 
r ef . 10 or 4) , or indir ectly by adding to the ze r o angle -of -attack pr es -
sur e distr ibut ion t he incr ement in pr essur e coefficient due to angle of 
attack 6P obtai ne d f r om linear ized theory ( r efs . 11 , 12, and 13) . 
• 
• 
NACA RM L52D30 7 
At angles of attack of 100 and 200 (figs. 8(b) and 8(c)), theoretical 
pressure distributions obtained by the methods of references 4 and 10 and 
a combination of references 10 and 12 are compared with experimental 
results for the prolate spheroids of fineness ratio 3, 6, and 10. As in 
the zero angle-of-attack case, the three theoretical methods are almost 
the same along the central portion of the fineness-ratio-3 body and along 
the entire lengths of the bodies of fineness ratio 6 and 10. 
Along the forward portion of the 00 meridian of the fineness-ratio-3 
body, experimental pressure coefficients are in better agreement with the 
pressure coefficients predicted by either the method of reference 10 or 
the method of a combination of references 10 and 12 than the method of 
reference 4. Along the forward portion of the 1800 meridian, the theories 
do not predict the shape of the pressure distribution, the negative pres-
sure peak being more rearward than the theory predicts; however, the 
theory of reference 10 more nearly approaches the experimental results. 
This is probably due to exceeding the limitations of applicability of the 
theory. 
For the bodies of fineness ratio 6 and 10, at angles of attack of 
100 and 200 (figs. 8(b) and 8(c)), the three theoretical methods predict 
approximately the same pressure distribution and they are in excellent 
agreement with experimental pressure coefficients along the 00 meridian 
and along the forward portion of the 1800 meridian. Along the rear 
portion of the 1800 meridian, the theoretical and experimental pressure 
coefficients begin to diverge for the fineness-ratio-IO body at an angle 
of attack of 100 • This divergence becomes greater when the angle of 
attack is increased to 200 , where it also occurs on the fineness-ratio-6 
body. The divergence between theory and experiment along the 1800 meridian 
indicates that flow separation is occurring. 
These comparisons indicate that, at a Mach number near zero, the 
method of reference 10 estimates the pressure distribution along the 
fineness-ratio-3 body at an angle of attack of 00 better than the method 
of reference 4 and that either method is satisfactory for the bodies of 
fineness ratio 6 or 10. At angles of attack, either the method of refer-
ence 10 or the combination of references 10 and 12 will predict the pres-
sure coefficients along the 00 meridian of the fineness-ratio-3 body with 
a fair degree of accuracy. Along the 1800 meridian, however, none of the 
three theories adequately predict the shape of the pressure distribution. 
For bodies of fineness ratio 6 or 10, the three methods will accurately 
predict the pressure distribution along the 00 or 1800 meridians of the 
body, except where flow separation occurs. 
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Prediction of Subsonic Pre ssure Distribution 
Along the 00 and 1800 Meridians 
There are various me thods available for computing the compressible 
pressure distribution on bodies of revolution . These me thods utilize 
either the linearized form of the equations for compres sible flow or 
corrections for the effects of Mach number applied to the incompressible 
pressure distribution itself. The fo rmer utilizes the Prandtl -Glauer t 
correction applied to the incompr essible -potential-flow equations . This 
method, as illustrated in reference 4, involves stretching the body in 
the f ree - str eam direction, computing the induced-velocity component along 
the stretched body by potential-flow methods , and applying corrections 
to the induced velocities . The latter solution , which is relatively easy 
to compute, employs an exact calculation of the incompressible pre ssure 
distribution (ref s . 8 , 9, and 10) corrected to the desired Mach number 
by means of approximate correction formula. In the pre sent paper, the 
latter method will be used . 
Corrections for the effect of Mach number.- The incompressible pres-
sure distributions obtained theor etically by the method of refe r ence 10 
( in fig. 8) for the prolate spher oids of fineness r atio 3, 6, and 10 
have been transcribed into theor etical pre ssur e distributions for a Mach 
number of 0 . 90 by using the slender-body and thick-body ratio corrections 
and the incremental corrections f r om figure 9 and the r esults ar e pre-
sented in figures 10(a), 10(b), and 10(c). The correction formulas are 
a simplification of the compressible-pressure-coefficient equations 
expressed as functions of Mach number and fineness ratio. The ratio-
type corrections Pc/Pi, computed by six methods (refs. 4 and 14 to 16), 
are divided into slender-body and thick-body corrections. The slender-
body corrections , consisting of four methods which are in close agreement 
with one another, are for use on bodies of fineness ratio 6 or greater 
(refs. 4 and 14 to 16). The thick-body corrections, consisting of two 
methods which approximately duplicate each other, are for use with thick 
bodies (refs. 4 and 15). The two groups give widely different correction 
facto r s for the fineness-ratio- 3 body, but converge when the fineness ratio 
is increased. 
The incremental-type correction Pc - Pi (fig . 9) was computed by 
the method of reference 4 fo r the pr olate spher oids of fineness r atio 3, 
6 , and 10 to provide an appr oximate compressible correction for an incom-
pressible pr essure distribution at angles of attack. This type of cor-
rection translates the whole pr essure distr ibution in a negative direction. 
The application of the correction formulas can be made by several 
methods of appr oach . The methods include: (1) the application of the 
' ~rection formulas directly to the incompressible pressure distr ibution 
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obtained theoretically at any angle of attack; ( 2 ) the use of the cor-
rection formulas with a combination of 6P and zero angle-of - attack 
theory; and ( 3) the application of the correction fo rmulas to the low-
speed experimental r esults . (The value s of 6P are determined from 
cross-flow components and a r e considere d independent of Mach number, 
provided the cross - f low velocity is small compared to the speed of 
sound . 6P does not include viscous effects ; see r ef . 1 2 .) 
Correction formulas applied dir ectly to i ncompressible pressure 
distributions .- The first method is pre sented in figures 10(a), 10(b), 
and 10(c), where the slender -body, the thick-body, and the Pc - Pi 
corrections have been applied to the incompr essible pressure distributions 
obtained theoretically for the prolate spheroids of finenes s r atio 3, 6, 
and 10 at angles of attack of 00 , 100 , and 20° . At an angle of attack of 
00 (fig. 10(a )), fo r the f ineness-ratio-3 body, the agreement between the 
experimental pressure distribution and the pr essur e distribution predicted 
by the three correction methods is poor. For the bodies of fineness 
ratio 6 and 10, the three theoretical pressure distributions are in excel-
lent agreement with exper imental result s along the central part of the 
body . Near the nose and tail , the theor etical pr essure distributions, 
using the Pc - Pi correction, diverge f r om the other two distributions 
and experiment . Near the tail , the sting is influencing the experimental 
pressures. 
At an angle of attack of 100 (fig . 10(b)) fo r the fineness-ratio-3 
body, the general agreement between theory and expe riment is very poor, 
except along the forward portion of the 00 meridian where the theory, 
using the Pc/Pi correction, is in good agreement with experiment. For 
the bodies of fineness r atio 6 and 10, the Pc - Pi correction gives the 
best over -all agreement with experimental re sults . 
Increasing the angle of attack to 200 (fig . 10(c)) causes the theory 
and experiment to become more divergent fo r the fineness -ratio - 3 body. 
For the bodies of fineness r atio 6 and 10 , the theory, using the Pc - Pi 
correction, is in excellent agreement with exper iment all along the 
00 meridian. The agr eement between the theory and experiment along the 
1800 meridian is only fai r near the nose and becomes increasingly poor 
toward the rear of the body because of flow separ ation, as was encountered 
in the incompressible case . 
In general, figures 10(a), 10(b), and 10(c) show that, by using 
reference 10 , along with either Pc /Pi corre ction, the pr essure distri-
bution at 00 angle of attack and Mach number 0 . 9 can be accurately pre-
dicted for slender bodies . For the thick body, the theoretical predic-
tions are inadequate at an angle of attack of 00 and become more divergent 
with an increase in angle of attack , probably due to the body size and the 
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fact that local velocities along most of the body are above sonic at a 
Mach number of 0.9. At angles of attack up to 200 , the theoretical 
pressure distribution, using the Pc - Pi correction, accurately pre-
dicts the pressures along slender bodies, except where serious flow 
separation occurs. 
Correction formulas applied to a combination of 6P and zero angle-
of-attack theory.- The prediction of compressible pressure distributions 
on bodies at angles of attack can be made by the second method. This 
method is the application of the correction formulas in conjunction with 
6P (ref. 12) and zero angle-of-attack incompressible theory (ref. 10). 
Pressure distributions predicted by this method, using each of the two 
forms of correction formulas (fig. 9), are presented in figures 10(d) 
and 10(e) for the prolate spheroids of fineness ratio 3, 6, and 10 at 
angles of attack of 100 and 200 . The two theoretical pressure distribu-
tions were obtained by correcting the incompressible zero angle-of-attack 
theory of reference 10 to a Mach number of 0.90 by Pc/Pi or Pc - Pi, 
then adding to it the increment for angle of attack 6P (ref. 12). 
At an angle of attack of 100 , for the fineness-ratio-3 prolate sphe-
roid (fig. 10(d)), the pressure distributions computed by these methods 
do not agree with experimental results. For slender bodies of fineness 
ratio 6 and 10, either of the methods gives excellent agreement with 
experiment along the body except near the nose of the 1800 meridian, 
where the theoretical method, using Pc/Pi, gives a better prediction. 
For an angle of attack of 200 , the disagreement between theory and experi-
ment is greater. The two theoretical methods predict the pressures along 
the 00 meridian of the slender bodies to about the same accuracy. Along 
the 1800 meridian, however, the agreement between theory and experiment 
is only fair near the nose and becomes increasingly poor toward the rear 
because of flow separation. 
Correction formulas applied to low-speed experimental results.- The 
third method of predicting compressible pressure distributions along 
bodies of revolution is to use the correction formulas in conjunction 
with low-speed experimental results. The Pc - Pi correction can be 
applied directly to low-speed experimental results at angles of attack, 
or the Pc/Pi correction can be applied to low-speed experimental results 
at an angle of attack of 00 and added to the experimental 6P to form 
compressible pressure distributions at angles of attack. Pressure dis-
tributions predicted in this manner are presented in figures 10(f) and 
10(g) for the prolate spheroids of fineness ratio 3, 6, and 10 at angles 
of attack of 100 and 200 • The pressure-distribution predictions at 
angles of attack of 100 and 200 for the fineness-ratio-3 body are in poor 
agreement with experimental results. For the bodies of fineness ratio 6 
and 10, the predictions are in good agreement with experiment, even in 
the region of separated flow along the 1800 meridian (figs. 10(f) and 
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10(g)). The region of separated flow was present in the low-speed 
experimental results. These two applications of the correction formulas 
produced appr,oximately the same pressure distribution. In general, 
especially where flow separation exists, pressure distributions at high 
subsonic speeds can be most accurately predicted by utilizing low-speed 
experimental results. 
Prediction of Subsonic Pressure Distributions 
Around Prolate Spheroids 
The incremental experimental pressure coefficients due to angle of 
attack 6P used in figures 10(f) and 7(g) to predict pressure distri-
butions along the 00 and 1800 meridians of prolate spheroids were con-
sidered independent of Mach number (ref. 12). In figure 11, the experi-
mental 6P and its variation around the prolate spheroids of fineness 
ratio 5 and 10 at an angle of attack of 60 are compared with the theo-
retical 6P (ref. 12) for the 0.1, 0.3, 0.6, and 0.9 stations, at Mach 
numbers from 0.30 to 0.90. For the fineness-ratio-5 body (fig. ll(a)), 
the agreement between theory and experiment is excellent for the 0.1, 
0.3, and 0.6 stations. The 0.9 station is in the influence of the sting 
support and therefore is not expected to agree with theory. The same 
agreement between theory and experiment is noted for the fineness-
ratio-10 body (fig. ll(b)). The close grouping of the test points for 
the various Mach numbers indicates that 6P is essentially constant 
throughout the Mach number range presented here and that theory will 
predict 6P around the body at low angles of attack. 
Effect of Fineness Ratio and Angle of Attack on Separation 
Since flow separation has been shown by the results presented in 
figures 8 and 10 to be the primary factor influencing the agreement of 
theory and experiment, it is of interest to examine the effect of fine-
ness ratio and angle of attack on the location of separation. Theoreti-
cal and experimental pressure distributions are shown in figure 12 for 
the prolate spheroids of fineness ratio 6, 10, and 20 at angles of attack 
of 100 , 15°, and 200 and a Mach number of 0.9. The location of separation 
is assumed to be at that station where the positive pressure gradient of 
the theoretical pressure distribution becomes appreciably greater than 
that of the experimental pressure distribution. At an angle of attack 
of 100 there is no evidence of a separated region along the 1800 meridian 
for the fineness-ratio-6 prolate spheroid. For the fineness-ratio-10 
body, separation is beginning to occur around the 0.7 station. Increasing 
the fineness ratio to 20 causes the separated region to move forward to 
approximately the 0.1 station. At an angle of attack of 150 , separation 
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exists possibly along the 1800 meridian for the rear portion of the 
fineness -ratio - 6 body, and this separated region shifts forwar d as the 
fineness ratio is increased. Increasing the angle of attack to 200 
causes the separ ated r egion to move farthe r toward the nose fo r each 
of the bodies . This forward movement of the separ ated region with an 
increase in angle of attack is large for the thick body but decreases 
with an increase in fineness ratio because of the large separated region 
already pr esent on the fineness -ratio - 20 body . 
Prediction of Tr ansonic Pressure Distribution 
Along the 00 and 1800 Mer idians 
Zero angle of attack .- For Mach number s near 1 . 0, no theories are 
available to predict the pressure distributions along bodies . The only 
practical manner of estimating the pr essure distribution in this speed 
r ange is to extr apolate the incompressible theory to subsonic Mach num-
ber s appr oaching 1.0 and to try to apply linear supersonic theories at 
low-supersonic Mach numbers near 1 . 0, as was done in reference 3 . The 
theoretical distributions thus de r ived (same as ref . 3) are compared 
with experimental pressure distributions in figure 13 for a modified 
parabolic body at an angle of attack of 00 • The experimental data 
were obtained in the Langley 8-foot high-speed tunnel (ref. 1) and by 
the freely-falling-body technique (ref . 3 ). 
At Mach numbers of 0 . 89 and 0.97 the experimental data are in good 
agr eement with the pr essures predicted by the subsonic theory. (Near 
the tail of this body pressures measured in the 8 -foot high-speed tunne l 
exhibit some influence of the sting mount . ) Increasing the Mach number 
to 1.02 causes a more pronounced change in the shape of the p r essure 
distribution, a peak being developed over the r ear part of the body . 
The level of the free - flight data may be in e rror because of a possible 
error in the measurement of the refe rence pressure as reported in refer -
ence 3 . The measured data at a Mach number of 1 . 02 were compared with 
theoretical distributions at a Mach number of 1 . 05 and good agr eement 
was obtained . Increasing the Mach number to 1 . 11 does not appr eciably 
change the shape of the distribution and theor y and experiment r emain 
in good agreement. 
Angles of attack.- Similar data for the modified parabolic body at 
an angle of attack of 200 are shown in figure 14. The theoretical dis-
tributions presented in this figure are the zero angle-of- attack dis-
tributions in figure 13, plus an increment in pressure coefficient for 
the angle-of-attack effect 6P (re f. 12) . The experimental data are 
from the Langley 8- foot high-speed tunnel (ref. 1). 
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At a Mach number of 0 . 97 the agr eement between theor y and experi-
ment is similar to that pr eviously shown in figur es 10 and 12 for a 
slender prolate spher oid in which separation pr events the expected pres-
sure recovery along the 1800 mer idian . Incr easing the Mach number to 
0.99, 1.02, and 1.11 causes only gr adual and mino r changes in the shape 
of the pressur e distr ibution and a slight decr ease i n the p r essur es near 
the rear portion of the body . At Mach number s of 1. 02 and 1 . 11 the theo-
retical and exper imental pr essur e distr i but i ons a r e in agr eement along 
the 00 meridian, except at the r ear, and in disagr eement along the 
1800 meridian. The results of these comparisons between theor y and 
experiment show the same effects of separation in p r oducing disagree-
ments as observed at subsonic speeds (figs . 8 , 10 , and 12) . 
Experimental values of 6P we r e evaluated by utilizing data for 
angles of attack of 00 and 200 at a Mach number of 0 . 79 (fr om ref. 1). 
These experimental values of 6P wer e then added to the theor etical 
zero angle-of-attack pressur e distributions of figure 13 to define the 
pressure-distribution predictions at an angl e of attack of 200 which 
include the effects of flow separation (fig . 14) . For each t r ansonic 
Mach number, the pressure distributions obtained by this method are in 
excellent agreement with the exper imental pr essures along the 00 merid-
ian. This method also satisfactor ily pr edi cts the pressur e distribution 
along the 1800 meridian of the body in the r egion of separ ated flow. 
Prediction of Subsonic and Transonic Circumf erent i a l Pressure 
Distributions Around t he Modified Parabolic Body 
The incrementa l pressure coefficien ts due to angle of a ttack 6P 
and their variations around the modified parabolic body a t a n angle of 
attack of 120 are present ed in figure 15. The upper plot in figure 15 is 
for the 46- percent s tation , wh i ch is also representat ive of flow conditions 
forward of this station . The experiment a l values of 6P were obtained 
from references 1 and 2 at Mach numbe r s of 0 . 6 , 0 . 9 , 0.99, and 1.13 and 
are compared with the theor etical variation of 6P a r ound the body 
(ref. 12). The agr eement between theor y and exper iment is very good. 
The lower plot in figur e 15 is for the 70 -per cent station on the 
body and is representative of conditions around the body where flow 
separation exists. The disagr eement between theor y and experiment indi-
cates an appreciable extent of separ ation along the 1800 meridian . The 
effects of separation extend around the sides of the body beyond the 
900 meridian. These data indicate that the theor y r easonably estimates 
the incremental pressur es a r ound this body except whe r e flow separation 
occurs. 
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The close gr ouping of the test points for the various Mach numbers 
indicates there is no change in the flow characteristics through the 
t r ansonic speed range and that the experimental value of 6P at any 
station around the body remain s essentially constant through the sub -
sonic and transonic Mach number range s . Low-speed pressure measurements 
on the body at the desired angle of attack can therefor e be used to pre -
dict the pressure distribution at the corresponding position on the body 
at transonic speeds, even in the region of separated flow . 
CONCLUSIONS 
A comparison of experimental pressure distributions and theoretical 
pressur e distributions computed by various methods for prolate spheroids 
of fineness r atio from 3 to 20 at Mach numbers from 0.3 to 0 . 9 and for a 
slender body of fineness ratio 12 at Mach numbers f r om 0.6 to 1 .13 indi-
cated the following conclusions: 
1. At an angle of attack of 00 and over the bottom of the body at 
other angles of attack, the pressure distributions may be adequately pre -
dicted at subsonic and transonic speeds by the use of available theories. 
2. For conditions where flow separation exists, pressure distribu-
tions at high- subsonic and transonic speeds can be predicted with fair 
accur acy by utilizing low-speed experimental r esults. 
3. Separation of the flow occurs over the top side of the body at 
angles of attack, and the location of separation moves forward as either 
the angle of attack or the fineness ratio is increased. 
Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Langley Field, Va. 
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TABLE 1.- ORDINATES OF THE HEMISPHERICAL-NOSE, OGIVE- CYLINDER, 
PARABOLIC, AND MODIFIED PARABOLIC BODIES 
Hemispherical- Ogive-cylinder Parabolic Modified 
nose (RM-l0) parabolic 
x/2~ r/2 ~ x/2 ~ r/2 ~ x/2, r/2, x/2 ~ r/2~ 
percent percent percent percent percent percent percent percent 
0 0 0 0 0 0 0 0 
.455 2.836 1.11 .366 1. 00 .132 .50 .231 
.909 3.964 2.22 .722 2.00 .262 .75 .298 
1. 364 4.782 3.33 1. 067 4.00 .516 1. 25 .428 
1. 818 5.455 4.44 1.400 6.00 .761 2.50 .722 
• 
3.636 7.273 5.56 1.711 8.00 .997 5.00 1. 205 
5.454 8.327 8.33 2.333 10.00 1. 225 7.50 1. 613 
7.273 8.909 11.11 3.100 15·00 1. 756 10.00 1. 971 
9.091 9.091 13.33 3.567 20.00 2.233 15.00 2.593 
18.182 9.055 15.56 3.978 25.00 2.655 20.00 3.090 
27.270 8.909 17.78 4.344 30.00 3.023 25.00 3.465 
36.364 8.673 20.00 4.800 40.00 3.597 30.00 3.741 
45.455 8.327 22.20 4.933 50.00 3.954 35.00 3.932 
54.545 7.873 27.78 5.389 60.00 4.093 40.00 4.063 
63.636 7.273 33.33 5.556 61. 40 4.096 45.00 4.142 
72.727 6.491 50.00 5.556 70.00 3·999 50.00 4.167 
81. 818 5.455 75.00 5.556 80.00 3.691 55.00 4.129 
90.910 3.964 100.00 5.556 90.00 3.137 60.00 4.023 
100.000 0 100.00 2.487 65.00 3.842 
70.00 3.562 
75.00 3.128 
80.00 2.526 
85.00 1. 852 
90.00 1.125 
95.00 .438 
100.00 0 
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